Automated syphilis testing was introduced by Pugh and Gaze (1965) when they successfully demonstrated that the Wassermann reaction could be incorporated into an auto-analyser system. Norins (1968) described a method for performing at; automated flocculation test for syphilis using a multi-channel blood-grouping machine. This involved the use of a VDRL antigen in the presence of fine carbon particles which permitted gross visualization of a positive reaction against the white background of the machine filter paper.
Automated syphilis testing was introduced by Pugh and Gaze (1965) when they successfully demonstrated that the Wassermann reaction could be incorporated into an auto-analyser system. Norins (1968) described a method for performing at; automated flocculation test for syphilis using a multi-channel blood-grouping machine. This involved the use of a VDRL antigen in the presence of fine carbon particles which permitted gross visualization of a positive reaction against the white background of the machine filter paper.
At the South-West Regional Blood Transfusion Centre, Bristol, we have for several years been using a multi-channel blood-grouping machine for the routine daily testing of between 500 and 700 donor bloods. We were therefore anxious to include within its programme an automated syphilis screening test.
Within a transfusion centre, the method described by Norins has a distinct advantage over that of Pugh and Gaze in that it permits the syphilis test to be carried out alongside routine ABO and Rhesus grouping, using a non-heated, unclotted sample. Norins' method was given a short trial in this laboratory with favourable results, but because of the high cost of carbon antigen and the difficulty in obtaining continued supplies, the test had to be abandoned and research was started to provide an alternative method.
Two established manual methods for syphilis screening have now been successfully incorporated into a multi-channel blood-grouping machine: the modified Laughlen flocculation test, using a Kahn antigen coupled with a scarlet red stain, and a Wassermann complement-fixation technique, using a cardiolipin antigen.
Modified Laughlen flocculation test EQUIPMENT
A standard Technicon fully-automated fifteen-channel blood-grouping machine with a sampling ratio of 120 per hour was used throughout the experiment. Serum was sampled for 8 seconds followed by a saline wash of 19 seconds. 
Results of tests
The automated results were evaluated against a manual VDRL precipitation and Wassermann complement-fixation test. Those found to be positive by either one or both of the tests were forwarded to the Public Health Laboratories where a Reiter protein complement-fixation test was carried out in addition to a Wassermann complement-fixation test. 13,800 donor bloods were included within this initial trial.
The Table shows an analysis of the 13,800 samples tested. Of these 13,759 gave negative results by both automated and manual methods, the remaining 41 giving a positive result by one or more of the manual or automated methods. The Table shows that the results fall clearly into one of seven different patterns. Eight samples gave positive results by both the manual and automated methods, although only two of these were confirmed as positive by the Public Health Laboratory. Nine samples gave positive results by the Laughlen machine test and negative results by the manual methods: these were all later confirmed as negative.
In summarizing the chief findings, it is seen that, when testing 13,800 donor bloods, 26 gave a positive machine Laughlen test of which only three were confirmed as positive by the Public Health Laboratory. In comparing this false-positive figure of 26 with the 41 found by one or both of the applied manual screening methods, it would appear that the automated technique would reduce the number of false-positive screening tests. The Table shows to an auto-analyser system, no effort has so far been made to apply a complement-fixation test to the blood-grouping machine. The main hazard is the need for the test to be performed on a citrated unheated plasma void of free calcium and magnesium, both necessary to complete a haemolytic reaction successfully. In addition, the blood-grouping machine has no colorimetric or recording apparatus for measuring haemolysis. In attempting to overcome these difficulties it was shown that heat inactivation of the free complement present in approximately 50 per cent. of the citrated machine blood samples could be obtained by heating it to 56°-58°C. for as little as 1 minute. Many previous workers have shown that normal serum complement levels can be destroyed by heating serum at 60°C. for 3 minutes. By reducing time and temperature to 1 minute and 58°C. respectively, the small amount of free complement remaining can be satisfactorily inactivated. The problem of supplying additional calcium and magnesium was readily overcome, since the standard buffer solution used in the preparation of the cardiolipin antigen contains both of these substances, thereby enabling the sub-fractions of complement to combine.
Preliminary studies were carried out on donor plasma treated as in Fig. 2 .
The plasma was passed through a heating coil at 56-58°C. and mixed first with cardiolipin antigen and then with complement; it was then allowed 5 min. incubation at 37°C. in a mixing coil. Sensitized sheep cells were then injected into the system and a further 5 min.
were allowed at 37-C.
It was shown that haemolysis of these sensitized cells could be quite satisfactorily brought about in all donor plasma where the manual screening test was negative. The syphilis positive plasma fails to lyse the sensitized sheep cells because of the binding of the complement, and they remain as free non-haemolysed cells. Therefore negative syphilis plasma results appear on the filter paper recorder PLASMA as a haemolysed cell droplet, whilst the syphilis positive plasma appears as non-haemolysed free cells. Unfortunately in this form it is almost impossible to differentiate a negative from a positive result. To overcome this a potent anti-sheep red cell agglutinin is injected into the system at the end of the second incubation coil. This produces strong agglutination in the positive cases in which no lysis of cells would occur. By applying this procedure the negative test appears as a haemolysed drop, whilst the positive appears as strong agglutinates. As with the Laughlen test a strong and weak positive control should be put through at the beginning and end of each day's testing.
Our trial studies have so far proved most encouraging and we have now started a routine daily procedure of testing our donor plasma by both the Laughlen flocculation test and the complement-fixation test.
As with all complement-fixation tests, the dilution of the guinea-pig complement is critical: should it be incorrectly prepared, too concentrated or too dilute, this will quickly show itself when the controls are put through. No lysis with negative samples indicates insufficient complement, whilst lysis in the case of the positive control will suggest that the complement requires further dilution.
ANTI-COMPLEMENTARY PLASMA
It is to be expected that a very small proportion (1 to 2 per cent.) of specimens of donor plasma will have a strong anti-complementary activity, such a plasma will appear on the filter paper record as a positive test, and this would call for a manual repeat including the usual anti-complementary controls.
Reagents for the modified complement-fixation test CARDIOLIPIN ANTIGEN (prepared fresh each day) 1 ml. cardiolipin antigen (Wellcome Maltaner) is diluted with 149 ml. complement-fixation buffer (Oxoid). This is preferred to isotonic saline as it contains both calcium and magnesium salts. Cost of reagents and additional staff requirement for automating 2,500 donor syphilis screening tests LAUGHLEN TEST As this calls for nothing more than a standard Kahn antigen (45 ml. for 450 ml. prepared antigen) the test can be carried out for as little as 0 3 penny per sample.
COMPLEMENT-FIXATION TEST
This requires 5 ml. cardiolipin antigen, 25 ml. preserved guinea-pig complement, 20 ml. sheep cells, and 15 ml. anti-sheep serum, giving a sampling cost of 14 pence per test. This figure could be easily reduced to 0-8 penny per test by substituting a suitable plant extract for the anti-sheep agglutinator.
STAFFING
This would call for an extra student technician on the machine for approximately 3 hours per day, whose duties would be to prepare the standard reagents and confirm by manual technique any machine positive results. These costs would have to be offset against the saving of staff released from the manual syphilis screening department.
Summary
Two completely automated syphilis screening tests suitable for programming into the Technicon multichannel blood-grouping machine have been described.
(1) A modified Laughlen flocculation test which uses a non-heated citrated donor plasma against a standard Kahn antigen coupled with a scarlet red stain. The positive sera give a distinctly strong positive reaction which appears on the white recorder filter paper as a red precipitate. The test can be incorporated into the machine at a very low cost with the minimum of extra equipment. Maximum reagent costing for each sample is 0-3 of a penny.
(2) A slightly more involved method is based on the Wassermann complement-fixation reaction. Les operations demandent un supplement minimum de temps d'un etudiant technicien. Le travail supplementaire, par rapport a celui de la routine pour la determination des groupes sanguins et du facteur Rhesus, est la preparation des reactifs de depistage de la syphilis et la confirmation manuelle de chacun des resultats positifs obtenus par la machine.
